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• Operationalizing the AAPT Learning Goals for the Lab, N. G. 
Holmes and Emily M. Smith, The Physics Teacher 57, 296 (2019) 
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“the inclusion of some open-ended lab activities in a lab course 
correlates with more expert-like post-instruction responses.”
Bethany R. Wilcox and H. J. Lewandowski
Phys. Rev. Phys. Educ. Res. 12, 020132
Colorado Learning Attitudes about Science Survey 
for Experimental Physics (E-CLASS)
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Colorado Learning Attitudes about Science 
Survey for Experimental Physics (E-CLASS)
Fraction of the class with expert-like response
What do experts think 
Vs. What do YOU think?
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RQ1: Is the Ohm’s law 
relationship 𝑉 = 𝑅𝐼 +
0 consistent with 
your measurements 
for a resistor? RQ2: How can 
proportional 
reasoning be applied 
to define resistance 
for a lightbulb?
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Two changes for the better?
1. Agency in data analysis, decision-
making
• “I feel like I learned the most in this lab when 
we switched to online learning.”
• “it was the most beneficial… it put everything 
we learned to the test and it was actually 
enjoyable at the same time.” 
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Change 1: supporting student 
agency









1. Using a phone for science!
2. Developing a model
3. Evaluating and improving a model
‹#› Gained in Translation: The Sudden Pivot Taking Physics Labs to the Cloud as a Reform Opportunity
Blake Laing, laing@southern.edu
Southern Adventist University
• In your group, use at least one phone 
or tablet with an app that measures 
magnetic field to do the following…
Breakout 1
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• Measure the magnetic field due to one 
or more sources that you have 
available…
Breakout 2
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• Plan a way to measure the magnetic 
field produced by some source that 
another group of remote colleagues 
can also measure. 
Breakout 3
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Did students appreciate gaining agency?
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“Developing scientific decision making by 
structuring and supporting student agency”
N. G. Holmes, Benjamin Keep, and Carl E. Wieman, Phys. Rev. Phys. Educ. Res. 16, 010109 Feb 2020
https://doi.org/10.1103/PhysRevPhysEducRes.16.010109
“We argue that this can only happen if students 
are afforded agency: the opportunity to make 
decisions to pursue a goal.”
• Epistemic agency: “opportunities to generate 
knowledge”
• Decision-making agency: “to make decisions in 
their investigations”
• Not just open-ended: supportive structure, 
cueing decisions
• “Individual agency encourages individual 
participation, including for those who may not 
usually participate (such as due to gender, class, 
or race.”
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“Developing scientific decision making by 
structuring and supporting student agency”
N. G. Holmes, Benjamin Keep, and Carl E. Wieman, Phys. Rev. Phys. Educ. Res. 16, 010109 Feb 2020
https://doi.org/10.1103/PhysRevPhysEducRes.16.010109
“Traditional labs have been shown to 
negatively shift students’ perceptions of 
experimental physics [26, 27]
and to provide no measurable benefits for 
learning the content they aim to verify [28, 
29, 30]”
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• “The labs that worked best were the more open-ended 
when students used a PhET simulation to answer a 
question of their own choosing.” [Intro, PhysEng, Small, 
E&M, Optics] 
• Some instructors took this a step further and transformed 
the remote course to work on open-ended “research like 
projects” compared to “cookbook” labs before the remote 
transition. 
• One instructor commented, “The level of student 
engagement was much higher in the remote format. 
Students were much more engaged in problem solving and 
making meaningful decisions about what to do and how to 
do it.” [BFY, PhysEng, Medium]
arXiv:2007.01271, (2020).
‹#› Gained in Translation: The Sudden Pivot Taking Physics Labs to the Cloud as a Reform Opportunity
Blake Laing, laing@southern.edu
Southern Adventist University
Change 2: Design for social 
belonging in lab
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• Science 18 Mar 2011
• “The goal of the social-belonging intervention is to 
send two broad messages:
1. that if you feel like you don’t belong in a new 
school, you (and other people like you) are not 
alone; and
2. that if you feel this way, your experience will 
improve over time.”
• From “The Social-Belonging Intervention: Getting the 
Message Right”
• [7-10 years later] “reported significantly greater 
career satisfaction and success, psychological well-
being, and community involvement and leadership.”
Shannon T. Brady et. al. 
Science Advances  29 Apr 2020
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Marcia Brady Carol Brady Greg Brady
Jan Brady Peter Brady
Cindy Brady Mike Brady Bobby Brady
• Social belonging in online lab design
• “creative and supportive.”
• “Using zoom helped the instructor 
become more accessible to the whole 
class.”
• AIP TEAM-UP report
“Faculty and peer interactions have a 
powerful effect on students’ sense of 
belonging, 
which increases with the number of 
faculty who get to know students as 
individuals and demonstrate support for 
their success.”
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slope of Log F vs Log x

















• The blood glucose meters that people with diabetes 
rely on are very good for generating statistical noise
cc sa Davidi98 
https://commons.wikimedia.org/wiki/File:Blood_Gluco
se_Testing.JPG
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Are WE meeting, or am I streaming?
ZOOM is for faces, 
not tiny print
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Powerpoint
• Level 1
• Level 2
• Level 3
• Level 4
• Level 5
